The reactions of (^-CSHS^V with NO and XNO (X = CL or Br) lead to the formation of [?7-C5H5V(N0)2]2 and (j?-C5H5)2VX(NO) (X = CL or Br) respectively. The compounds have been characterized by elemental analysis, magnetic moments and IR and EPR spectra.
Introduction
Very few nitrosyl derivatives of the first transition elements are known [1, 2] , [^-C5HsCr(NO)2]2 has been obtained by reduction of ^-CsHsCrNOCl with sodium borohydride [3] . The only known cyclopentadienylnitrosyl vanadium complexes are T?-C5H5V(NO)2CO [4] and the cation [>?-C5H5V(NO)3] + [5] . The most important methods used to obtain these complexes consist of treatment of carbonyl complexes with nitrosyl chloride or nitric oxide [6, 7] , although more recently [8] they have been obtained by oxidative addition reactions with NO2BF4. We have obtained nitrosyl derivatives of bis(cyclopentadienyl) vanadium by oxidative addition of NO and XNO (X = Cl or Br).
Results and Discussion
The reactions of (??-C5Hs)2V with NO gives rise to the formation of [?7-CsH5V(NO)2]2, with is analogous to the known compound [/7-C5H5Cr(NO)2]2 [3] . The dimeric nature of this compound has been confirmed by the molecular weight determination (see Experimental). The reactions of (^-CsHs^V with XNO (X = Cl or Br) give compounds formulated as (*7-C5H5)2VX(NO) (X = Cl or Br) from the elemental analyses in quantitative yields. The oxidative addition of the nitrosyl halides in these reactions may be contrasted with reactions of arene chromium tricarbonyl complexes, in which substitution of the arene by halogen and nitrosyl ligands and partial loss of CO is observed [9] .
The obtained compounds are air-stable but decompose at room temperature after some days.
The magnetic moments (see Experimental) indicate that in the case of (7?-C5H5)2VX(NO) (X = Cl or Br), there is a single unpaired electron, as expected for vanadium(IV). In the case of [^-CsHVV^NO^Jz the low value determined for the magnetic moment [10] .
The m NMR spectra of [^-C5H5V(NO)2]2 exhibits a single signal at r = 3.3 ppm for the protons of the cyclopentadienyl rings. This is in agreement with C2h symmetry, with the two cyclopentadienyl ring in trans positions as found in [^-CöH5Cr(NO)2]2 [3] .
The EPR spectra of (*7-C5H5)2VX(NO) (X = CI or Br) recorded in chloroform solution at room temperature show an eight-line pattern characteristic of the coupling with the 51 V (I = 7/2) nucleus. The absence of signals for a field value of ca. 1600 gauss, corresponding to the A m = 2 transition [27] , indicate the monomeric nature of these compounds in solution. The values of gig0 and A im (Table I ) calculated as previously described [11] are consistent with the oxidation state of vanadium being IV [12] . The small variation of A is0 on changing from one ligand to the other, and the similarity of these values with those determined for related complexes of V(IV) of the type (*7-C5H5)2VX(CN) (X = CN, CI, Br, I, N3, SCN, SeCN) and (r?-C5H5)2VXY (X = Y = CI, Br, I; X = I, Y = CI, Br) [11, 13, 14] , indicate that the unpaired electron is primarily located in a 3 d orbital of the vanadium atom. The decrease of the Aiso value on changing from (r?-C5H5)2VCl(NO) to (^-C5H5)2VBr(NO) is due to the parallel increase of the covalent character of the bond [12, 14] .
In the IR spectra of the synthesized complexes (see Experimental) appear the characteristic bands of the cyclopentadienyl ligands [15, 16] at 3100, 1400, 1100, 1000 and 800 cm-1 . Some of them (especially those corresponding to a>(CC) at 1400 cm -1 , <5(CH) at 1000 cm-1 and y(CH) at 800 cm-1 ) appear as doublets, owing to a decrease in the symmetry with respect to bis (cyclopentadienyl) vanadium. The presence and frequencies of these bands indicate that the cyclopentadienyl rings are nbonded [16] .
In the range 1600-1500 cm-1 (Table I) appear the bands which correspond to v(NO). For [^-C5H5V(NO) 2 ]2 there are two bands at 1660 cm-1 and 1557 cm -1 assigned to v(NO) (terminal) and v(NO) (bridge) respectively as for other similar compounds [3] . In the compounds (^-C5Hs)2VX(NO) (X = CI or Br) only one band appears at 1550 cm -1 which indicates the presence of a terminal NO group.
The bands which correspond to V(VNO) and (5(VNO) appear around 580 cm -1 (Table I) ; exact assignment is difficult because both vibrations have a similar energy [17] . However, these values are much higher for V(VNO) than those for V(VCN) is similar compounds [11, 13] , which confirms that the nitrogen oxide is a stronger ^-acceptor ligand than the cyanide ion. This effect also explains the large decrease of V(NO) in the compounds which we are considering, compared to v(NO) in NO + (2300 cm-1 ) [18] . In(7?-C5H5)2VX(NO) (X -CI or Br) V(NO) appears at lower frequencies than in other cyclopentadienyl nitrosyl of vanadium (Table I ). This can be understood from the EPR data, which indicate that in these complexes it is necessary to considerer the nitrosyl ligand formally as NO-. It is thus expected that the group VNO will be angular [19] [20] [21] and the corresponding frequency of J>(NO) will be lower than in the case of linear VNO.
The bands which correspond to v(VCl) and v(VBr) appear at 258 and 174 cm -1 respectively, in agreement with values previously observed in other biscyclopentadienyl vanadium complexes [13, 14] .
Experimental
All the reactions were carried out under oxygenfree N2. (^-C5H5)2V [23] and NO and XNO (X = C1 or Br) [24] were made by methods described in the references cited. Microanalyses were performed by Centro Nacional de Quimica Organica (Madrid, Spain). The halogens were determined gravimetrically and vanadium spectrophotometrically.
The IR spectra were recorded in the range 4000-180 cm-1 on a Perkin-Elmer model 180, using mulls of Nujol and Hostaflon between Csl and polyethylene windows. The spectra in the range 500-20 cm -1 were also recorded on a Beckman IR-720 interferometer using polyethylene pellets.
The EPR spectra were recorded at room temperature in CHCI3 solution, on a Varian E-12 at a microwave frequency of 9 GHz (X band) with DPPH for calibration.
The X H NMR spectra were recorded on a Varian XL-100/15.
The magnetic moments were obtained by determination of the magnetic susceptibilities in a Gouy's magnetic balance, in the solid state at room temperature, [Ni(en)3]S203 being used as standard. The diamagnetic corrections were taken from Selwood [25] and Barnshaw [26] ,
Preparation of [T]-CÖH5 V(NO
A slow stream of dry NO gas is passed through a magnetically stirred solution of (^-CsHs^V (1 
Preparation of (r]-C5H5)2VCl(NO)
Following the procedure described above, a slow stream of dry C1NO is passed through a solution of (^-C5H5)2V (1 g, 5.5 mmole) in diethylether (50 ml) at 0 °C. A light brown solid is obtained. The yield is quantitative. Anal.: Found: C 47.7; H 3.8; N5.4; Cl 13.9; V 19.9. Calcd. for C10H10NOCIV, C48.7; H 4.0; N 5.7; Cl 14.4; V20.7%. /uett = 1.66 BM.
Preparation of (rj-C$Hb)2VBr(NO)
In a 100 ml two-neck flask fitted with magnetic stirrer and pressure-equalized dropping funnel, (^-CsHs^V (1 g, 5.5 mmole) is dissolved in diethylether (50 ml) and cooled at 0 °C. A solution of BrNO (0.7 g, 6.3 mmole) in diethylether (20 ml) is added drop wise. The brown solid which immediately appears is filtered off, washed several times with ether and dried in vacuum. The yield is 90%. We thank Dr. J. R. Labinger the helpful discussions.
